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(54) Thallium group superconducting wire 

(57) In order to provide a crystal oriented high quality 
thallium group superconducting wire having a high criti- 
cal current density, a thallium group superconducting film 
(2) is formed on an oxide single crystal ffoer (1) having 
plane facets (3) and a polygonal cross section in the thal- 
lium group superconducting wire, wherein the c-axrs of 
the thalfium group superconducting film (2) is oriented 
perpendicularfly, and a- and b-axis are oriented in paral- 
lel to the longitudinal direction of the above fber 
(Irrespectively, and resulting to obtain a high quality 
thallium group superconducting wire with Jc of 1 0 5 A/cm2 
or more at 77K. 



FIG. 1 
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Description 



Background of the Invention 
(1) Field of the Invention: 
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Summary of the Invention 
(1) Objects of the Invention: 



The present invention relates to the thallium group 
superconducting wire. 

(2) Description of the Prior Art w 



The object of the present invention is to solve the 
problems involved in the prior arts, and to provide a high 
quality thallium group superconducting wire featuring 
excellent crystal orientation and a high critical current 
density. 



Since discovery of oxide superconductors with the 
critical temperature exceeding the boiling point (77K) of 
liquid nitrogen, there have been rising hopes for an effec- 
tive use of superconductor phenomena in the field of 15 
superconducting magnet. Among them, the thallium 
group superconductor exhibiting the highest critical tem- 
perature of 1 27 K is drawing a particular attention for its 
application. As a wire rod making technology to manu- 
facture the superconducting magnet, there has been a 20 
known method of plastic processing after the powdered 
superconductor has been filled in the metallic pipe. The 
superconducting wire manufactured by this prior art 
method has insufficient crystal orientation; since it is 
pdycrystalline, critical current density (Jc) undergoes an 25 
abrupt reduction at the crystalline boundary, failing to 
satisfy value Jc providing the area for practical use. Fur- 
thermore, there are superconducting wires which use 
oxides as substrates, in addition to those using said met- 
als as substrates. For example, the method of forming 30 
an oxide group superconducting wire using the oxide as 
substrate is found in the method of forming a supercon- 
ducting wire on the oxide single crystal f fc>er, as disclosed 
in Japanese Patent Laid-open NO.63-271816. There is 
also a method of laying out a third substance to improve 35 
crystal orientation inside the metal coated oxide super- 
conductor, as disclosed in Japanese Patent Laid-open 
NO.S-12929(1993). 

The prior art superconducting wire on the oxide sin- 
gle crystal fiber has the oxide single crystal fiber which 40 
is cylindrical in shape, resulting in insufficient crystal ori- 
entation of the superconducting wire formed on the cyl- 
inder. This has led to a poor connection on the 
conducting surfaces, accompanied by the problem of 
superconducting properties such as critical current den- 45 
sity. 

Furthermore, the superconducting film is not 
designed to allow the current to escape when si per con- 
ducting properties are lost due to quenching and others. 
This has led to the difficulties in practical use and has so 
restricted the scope of use. Furthermore, the latter 
approach provides improvement in crystal orientation of 
the superconductor dose to the third substance, but pro- 
duces random orientation of the majority of supercon- 
ductors which are not in contact with the third substance, ss 
failing to provide a high critical current density. 



(2) Methods for Solving the Problems: 

The present inventors have solved above problems 
by forming, on an oxide single crystal fiber of the thallium 
group superconducting wire having a polygonal form 
with plane facets, a c-axis perpendicularly oriented, and 
a- and b-axis in parallel oriented thallium group super- 
conducting film to the longitudinal direction of the single 
crystal fiber. Also, the present inventors have solved 
above problems by coating said thallium group super- 
conducting wire in the order of the conducting film and 
insulating fflm. Furthermore, the current capacity is 
greatly increased by the multi-core wire formed by bun- 
dling several thallium group superconducting wires. 

By using the oxide single crystal ftoer having plane 
facets, the present invention allows the c-axis perpendic- 
ularly oriented, and a- and b-axis in parallel oriented thal- 
lium group superconducting film to be formed to the 
longitudinal direction of the single crystal fiber. This will 
lead to excellent crystal orientation of the superconduct- 
ing film and super connection of the conducting surfaces, 
thereby improving critical current density. 

Brief Description of Drawings 

Figure 1 is a schematic drawing representing a thal- 
lium group superconducting wire according to the 
present invention. 

Figure 2 is a pole figure representing a thallium 
group superconducting film obtained by the present 
invention, 

Figure 3 is a schematic drawing representing a thai- 
Bum group superconducting wire coated with a con- 
ducting film and an insulating film according to the 
present invention, 

Figure 4 is a schematic cross sectional view illustrat- 
ing the thallium group superconducting multi-core 
wire according to the multi-core structure of the 
present invention, 

Figure 5 is a schematic cross sectional view fllustrat- 
ing the thallium group superconducting multi-core 
wire with the coated conducting film and insulation 
film according to the present invention, 
Figure 6 is a schematic cross sectional view illustrat- 
ing the thallium based superconducting mufti-core 
wire with the conducting film and insulating film 
coated over the thallium group superconducting 
multi-core wire according to the present invention, 
and 
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Figure 7 is a schematic drawing illustrating a super- coating and temporary baking processes to be repeated 

conducting coil wound in a pan cake form according is changed from 10 to 100 times and the Ba-Ca-Cu-O 

to the present invention. temporarily baked film thickness is changed from 1 to 10 

microns, it is also possble to form high^uality a-, b- and 
Description of the Preferred Errtxxiiments 5 c-axis oriented ThBazCa^Oy group superconducting 

wire having Tc of 90 K or more by providing the same 
The present invention is explained concretely based heat treatment as above. When the Y2O3 single crystal 
on the following illustrated embodiments. P^te having four plane facets having a diameter of 0.03 
Naphthenates of Ba, Ca and Cu were blended to get to 0.35 mm is used, it is also possfole to form high-quality 
a composition ratio of BazCazCuaOy and toluene was 10 a-, b- and c-axis oriented ^BazCajCuaOy group super- 
added thereto to dissolve it. with the resulting solution conducting wire having Tc of 90 K or more by providing 
used as starting solution. The Y2O3 single crystal plate 1 the same heat treatment as above, 
having four plane facets 3 containing ( 1 00) faces was When naphthenates of Ba. Ca and Cu were blended 
dipped in said starting solution, to be coated at the speed to get a composition ratio of Ba2Ca2Cu3C>7. and toluene 
of 1 mm per minute according to cfip-coattng method; is was added thereto to dissolve it and to obtain starting 
then h was temporarily baked in the atmosphere at 500 solution, it is possible to form high-quality a-, b- and c- 
°C fa ten minutes. This coating and temporary baking axis oriented TliBazCa^aOio group superconducting 
process was repeated ten times to produce temporarily wire on the Y2O3 single crystal ftoer by following the 
baked film Ba-Ca-Cu-O having a fflm thickness of about same manufacturing procedures as above, using the 
1 microns. Then, the temporarily baked f am Ba-Ca-Cu- 20 mixture pellet of TI2O3. BaO, CaO and CuO (T1 : Ba : Ca 
O was sealed into an enclosed alumina vessel with the . Cu = 2 : 2 : 2 . 3) in the heat treatment step, 
mixture pellet of Tlz0 3 . BaO. CaO and CuO (T1 : Ba : Ca Furthermore, when naphthenates of Ba. Ca and Cu 
: Cu = 1 : 2 : 2 :3). The alumina vessel was put into an were blended to get a composition ratio of 
electric furnace and was held at the temperature of 850 BajjCaiCusPs. and toluene was added thereto to dis- 
°C for 20 hours, then it was gradually cooled, and 25 solve it and to obtain starting solution, it is also possible 
T^Ba^a^uaOy group superconducting film was to form high-quality a-, b- and c-axis oriented 
formed on the Y2O3 single crystal plate. FIG. 1 tsasche- T^BaaCa^^e (x = 1 or 2) group superconducting wire 
matic diagram representing the thallium group supercorv on the Y2O3 single crystal fiber by following the same 
ducting film 2. Measurement by X-ray diffraction has manufacturing procedures as above, 
revealed that the film was a T1 ^zCazCuaOy group 30 Still further, when naphthenates of Ba. Ca and Cu 
superconducting fflm with the c-axis arranged perpen- were blended to get a composition ratio of (Ba v 
dicular to (100) faces of the single crystal plate 1 . exhib- y/Sr y )zte x Cu x+1 02 X+ 3 (0 s y < 1 . X = 1 , 2). and toluene 
iting c-axis orientation. Furthermore. FIG. 2 shows pole was added thereto to dissolve it and to obtain starting 
figure measurement results. Peaks at intervals of 90 solution, it is also posstole to form high-quality a-, b* and 
degrees were observed in the direction of 78 degrees 35 c-axis oriented T1 z (Ba 1 _ y /Sr y ) 2 Ca x Cu x + 1 0 2x+ 6 (Z = 1 . 2. 
with respect to (100) faces of the single crystal plate. 0 s y < 1. X = 1, 2) group superconducting wire by fol- 
exhftnting in-plane orientation with a- and b-axis towing the same manufacturing procedures as above, 
arranged in order. When naphthenates of Ba. Ca and Cu were blended to 
Similarly, c-axis oriented T1 1 Ba 2 Ca 2 Cu30 y group get a composition ratio of (Ba 1 . y ^r y ) 2 Ca x Cu x+1 0 2x ^ (0 
superconducting fflm 2 was produced by the same coat- 40 s y < 1. X = 1, 2), and toluene was added thereto to ris- 
ing and temporary baking process and heat treatment solve it and to obtain starting solution, it is also possible 
applied to the SrTOz single crystal plate having (100) to form high-quality a-, b- and c-axis oriented 
faces. Furthermore, pole figure measurement has made rn/Pb) 2 (Ba 1 . y /Sr y ) 2 CaxCu x+1 02 X+ 6 (z=1. 2. 0 < y s1. x 
it dear that this thallium group superconducting film =1,2) group superconducting wire by following the same 
exh torts in-plane orientation parallel to (1 00) faces of the 45 manufacturing procedures as above, using the mixture 
single crystal plate with a- and b-axis arranged in order. pellet of TI2O3. PbO, BaO, CaO and CuO (T1/Pb Ba : 
This thallium group superconducting f am had a critical Ca : Cu = 1 : 2 : 2 : 3) in the heat treatment step, 
temperature (Tc) of 1 06K, and the critical current density After depositing an Au film 4 having a thickness of 3 
(Jc) at 77K and zero magnetic field was as high as 5 x microns by sputtering method on the Tl 1 Ba 2 Ca 2 Cu30y 
1 05 A/cm? or more. Furthermore, when the magnetic field so group superconducting fflm 2 obtained on the Y2O3 sin- 
is applied parallel to the superconducting f am surface, gle crystal plate 1 by following the same manufacturing 
the f ilm is a high quality thallium group superconducting procedures as above, powdered Si0 2 5 is applied ther- 
film having a value as high as 105 A/cm* at 77K in the eon. This makes it possible to manufacture a thallium 
magnetic f ield of 71. group superconducting wire having an insulated coating 
When subjected to heat treatment in a temperature 55 structure allowing electric current to escape when the 
range of 750 to 860 °C for 0.2 to 100 hours, rt was pos- superconducting fflm is quenched. FIG. 3 indicates a 
sible to form high-quality a-, b- and c-axis oriented schematic cross sectional view of the thallium group 
Tl 1 Ba 2 Ca 2 Cu 3 O y group superconducting fflm 2 having superconducting wire. 
Tc of 90 K or more. Furthermore, when the number of 
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Furthermore, when naphthenates of Ba, Ca and Cu 
were bi ended to get a composition ratio of (Ba v 
y/SryJzCa^^C^^ (0 < y % 1, X = 1. 2) and (Ba v 
y/Sr y )2Ca x Qj x+1 0 2 x+3 (0 < y s? 1, X = 1, 2), and toluene 
was added thereto to dissolve the mixture to obtain start- 
ing solution, the same Au film 4 as above having a thick- 
ness of 3 microns was deposited; then powdered Si0 2 
5 was applied thereon. This makes it possible to manu- 
facture on the ^(Ba^y/STyJzCaxCUx^^ax^ (Z = 1 , 2. 0 
sy<1,X = 1,2) and (Tl/Pb) 2 (Ba 1 . y /Sr y ) 2 CaxCu x+1 0 2 x + 6 
(z=1, 2 ( 0<ys1,x=1 ( 2) group superconducting wire 
2 obtained on the Y2O3 single crystal fiber 1 by the same 
manufacturing procedures as above, a thallium group 
superconducting wire having an insulated coating struc- 
ture allowing electric current to escape when the super- 
conducting film is quenched. 

Still further, when Ag, Cu. Ag-Pd, Au-Pd, Ag-Mg and 
Au-Pd are used as conducting film 4 on the Tl z (Ba<|. 
y /Sr y ) 2 Ca x Cu x ^ 1 0 2 x^6 (2 = 1. 2. 0 s y < 1. X = 1, 2) and 
(TVPbJ^BaT./SryJzCaxCu^^^ (z-1, 2, 0 < y s1, x 
= 1,2) group superconducting wire 2 obtained by the 
above manufacturing procedures, or when such oxides 
as FRP resin and AI2O3 are used as insulating film 5 on 
said conducting f3m 4. it is possible to manufacture a 
thallium group superconducting wire having an insulated 
coating structure allowing electric current to escape 
when the superconducting film 2 is quenched. 

Also, when 3 percent Y^-ZrO* MgO. LaAI03. 
BaTK>3, NdGa0 3 and substance having a perovskhe 
structure are used on the single crystal fiber 1 , it is pos- 
sible to form a high-quality a-, b- and c-axis oriented 
TI^Ba^/Sr^^xCUx^iO^e (Z =1. 2, 0 s y < 1. X - 1, 

2) and (TVPb) z (Ba 1 . y ^ry) 2 CaxCu x+1 0 2 x^6 ( z=1 . 2, 0 < y 
2=1, x = 1. 2) group superconducting wire by the above 
manufacturing procedures. 

When spray deposition, laser deposition or coating 
methods is used in place of dipping method, it is possible 
to form a high-quality a-, b- and c-axis oriented Tl^Ba.,. 
y/SryJ^xCux^O^e (Z = 1 . 2, 0 s y < 1 , X = 1 , 2) and 
(TVPbJ^BaLy^TyJzCaxCUx^Ogx^ (z=L 2. 0 < y si. x 
= 1.2) group superconducting wire by the above manu- 
facturing procedures. 

FIG. 4 indicates a cross sectional view illustrating 
the above-formed Tl z (Ba 1 ySr y ) 2 Ca x Cu x + 1 0 2x+ 6 (2=1, 
2. 0 35 y < 1. X = 1. 2) and (Tl/Pb) z (Ba Vy /Sr y )2Ca x . 
Cu x+ i02x+6 ( z=1 . 2. 0 < y s1 . x ■ 1 . 2) group supercon- 
ducting wire 1 , 2 which is formed into a thallium group 
superconducting wire having a multi-core structure 
suited to increased current carrying capacity and struc- 
tural stability. Also, it is possible to form a thallium group 
superconducting multi-core wire whose superconduct- 
ing properties are not reduced when the superconduct- 
ing wire is made to have a multi-core structure. 

FIG. 5 indicates a cross sectional view illustrating a 
thallium group superconducting multi-core wire pro- 
duced by bundling the Tl z (Ba 1 . y /Sr y )2Ca x Cu x ^ 1 0 2x ^ (2 
« 1. 2. 0 < y s 1, X » 1, 2) and UyPb)^^.^)^^ 
Cu^O^e (z=1 , 2, 0 < y s1 , x = 1 , 2) group supercon- 
ducting wires 1. 2 formed above with the order of the 



conducting film 4 and insulating film 5 on the supercon- 
ducting film 2. Superconducting properties of the thal- 
lium group superconducting mutti-core wire allow 
production of a thallium group superconducting multi- 

5 core wire whose superconducting properties are not 
reduced even when it has a multi-core structure. 

FIG. 6 indicates a cross sectional view illustrating a 
thallium group superconducting multi-core wire 1, 2 with 
the conducting film 4 and insulating film 5 formed in the 

to same procedure as above, after the multi-core structure 
has been produced by bundling the 7l z (Ba 1 _ y /Sr y ) 2 Ca x . 
Cu x+1 0 2x ^ (Z = 1 . 2, 0 s y < 1 . X = 1 , 2) and (Tl/Pb^CBa! . 
y/Sr y )2Ca x Cu x+1 02 X> 6 (2=1 , 2, 0 < y s1 , x = 1 , 2) group 
superconducting wires formed above. Superconducting 

15 properties of the thallium group superconducting mufti - 
core wire allow production of a thallium group supercon- 
ducting mutti-core wire whose superconducting proper- 
ties are not reduced even when it has a multi-core 
structure. 

20 FIG. 7 indicates a schematic drawing illustrating a 
superconducting coil produced by winding the above- 
formed thallium group superconducting multi-core wire 
in a pancake form. The superconducting coil allows mag- 
netic field to be generated at 77K and 4.2K. 

25 Using the oxide single crystal fiber having plane fac- 
ets, the present invention allows to form thallium group 
superconducting film of which c-axis is oriented perpen- 
dicularly, and a- and b-axis are oriented in parallel to the 
longitudinal direction of the fiber. This makes it possible 

30 to produce a high quality thallium group superconducting 
wire with Jc of tOSA/cm 2 or more at 77K. Furthermore, 
formation of the conducting f 3m and insulating film in that 
order on the superconducting wire provides a suitable 
bus for electric current in the event of that the supercon- 

35 ducting wire has been quenched. In addition, a super- 
conducting mutticore wire can be formed by bundling 
many of the thallium group superconducting wires, 
thereby ensuring large current. This allows production of 
a high quality superconducting magnet to be operated 

40 by the thallium group superconducting wire. 

Claims 

1 . A thallium group superconducting wire comprising a 
45 c-axis perpendicularly oriented, and a- and b-axis in 

parallel oriented thallium group superconducting 
film (2) formed on an oxide single crystal ffoer (1) 
having plane facets (3) and a polygonal cross sec- 
tion. 

so 

2. A thallium group superconducting wire according to 
claim 1 , comprising said oxide single crystal fiber 
(1), said thallium group superconducting fflm (2), a 
conducting film (4), and an insulating film (5) struc- 

55 tured in the above order when viewed from the 
center of the wire. 

3. A thallium group superconducting wire comprising a 
plurality of thallium group superconducting wires 
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according to Claim 2 bundled and formed into a of 750 - 860 °C for 0.2 - 100 hours and gradually 

multi-core structure. cooling rt 

4. A thallium group superconducting wire comprising a 
plurality of thallium group superconducting wires 5 
according to Claim 1 bundled and formed into a 
multi-core structure. 

5. A thallium group superconducting wire having a 
structure of the thallium group superconducting wire 10 
according to Claim 4. which is coated with an insu- 
lating film (5) after a conducting film (4) has been 
formed thereon. 

6. A thallium group superconducting wire according to is 
Claim 1 or 2, wherein the oxide single crystal fiber 
(1) consists of one member of the group of 3 % Y2O3- 
Zr0 2 , Y2O3. MgO. SrTi0 3 . LaAI0 3 . BaTi0 3 . 
NdGa0 3 and percvskrte. 

7. A thallium group superconducting wire according to 
Claim 1 or 2, wherein the thallium group supercon- 
ducting film (2) has been made up of Tl-fBa^y/Sry)- 
Ca-Cu-O (0 s y < 1) and (Tl/Pb)-(Ba 1 .y/Sr y )-Ca-Cu- 
O(0<ys1). 

8. A thallium group superconducting wire according to 
Claim 1 or 2, comprising said thallium group super- 
conducting fflm (2) formed by a dipping method, a 
coating method, spray deposition, or laser deposi- 30 
tion. 

9. A thallium group superconducting wire according to 
Claim 2 or 5, wherein the conducting film (4) consists 
of one member of the group of Ag, Cu, Au, Ag-Pd. 35 
Au-Pd, Ag-Mg and Au-Pd. 

10. A thallium group superconducting wire according to 
Qaim 2 or 5, wherein the insulating film (5) consists 
of FRP resin, Al20 3 or Sf0 2 . 40 

11. A thallium group superconducting coil, formed by 
winding the thallium group superconducting wire 
according to any of Claims 2, 3, and 5. 

45 

12. Method of producing a thallium group superconduct- 
ing wire as claimed in Claim 1 , wherein on an oxide 
single crystal fiber (1 ) having plane facets (3) and a 
polygonal cross section a thallium group supercon- 
ducting f ilm (2) is formed by dipping said oxide si ngl e so 
crystal fiber (1) in a solution of naphtenates of Ba, 
Ca and Cu in toluene, temporally baking the result- 
ing coating, repeating said coating and baking steps 
several times to produce a Ba-Ca-Cu-O f ilm, sealing 
said film into an enclosed alumina mina vessel with 55 
a mixture pellet of TlaQj, BaO. CaO and CuO, 
putting said vessel into an electric furnace, heat 
treating said vessel therein in a temperature range 
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FIG. 1 
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